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Abstract 
Different approaches have been used to calculate and set up the benchmarks for evaluation of energy performance in industry. 
The main disadvantage of these approaches is that the benchmark is variable in time, thus very likely not showing the real 
performance of energy efficiency and its changes. This study presents a new approach for calculation of benchmarks (process 
benchmarks) which are based on physical production processes. The approach is approbated on the brewery industry. The results 
show that the approach can be used for evaluation of energy performance in industry, but there is also need for further research.  
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1. Introduction 
The benchmarking method has been used to evaluate the energy efficiency performance of industry for several 
years. It is used as an energy efficiency instrument itself, but more frequently it is included in energy efficiency 
programs which consist of several instruments. The combination of different policy instruments also gives the best 
results in order to reach energy efficiency objectives for industry [1, 2]. The indicator used more often for 
benchmarking industry is specific energy consumption (SEC), which is measured in kWh per production volumes. 
[3] Usually the SEC is based on actual energy consumption and production volumes from manufacturing companies 
within a certain industry. [4] Mainly two different approaches have been used to calculate and set up the 
benchmarks for evaluation: calculation of the arithmetic average or other reference values of a target group; 
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selection of best available theologies (BAT) for the chosen target group industry. [5] Subsequently the calculated or 
defined benchmarks are used for evaluation of energy efficiency performance. 
The positive aspect of the approaches is that the benchmarks are calculated or defined based on the actual energy 
consumption data. Therefore benchmarks are valid and possible to reach and thus produce a positive influence on 
the motivation to save energy. [6] Benchmarks are also easy to calculate if energy data are available and this reduces 
the time and cost for implementation of energy efficiency policy instruments in industry.  
The disadvantage of the approaches is that the benchmark is variable in time. This leads to the fact that, in time 
the benchmarks should be reviewed and new values need to be defined. For instance this situation is observed in the 
building sector, where each year the Ministry of Economics announce new values for the average specific energy 
consumption for different types of buildings on its website. [7] More time and financial resources have to be used to 
update benchmarks. In addition, these approaches more likely do not allow evaluating actual energy efficiency 
performance. For instance, if the performance of a whole target group is not sufficient or is weak, the benchmark 
used for the evaluation would also not be successful in reaching the desirable results of the policy instrument. This is 
due to the fact that benchmarking is with limited boundaries (the best and the worst actual SEC value), and it does 
not show the real energy performance and its changes in time, because it is variable in time. Therefore it is important 
to find new approaches in order to define benchmarks which do not change in time and can be used for the 
evaluation. In this study a new approach is proposed - calculation of process benchmarks, which are based on the 
physical manufacturing processes. In this study the proposed approach was approbated on the brewery industry.  
2. Methodology  
The calculations of process benchmarks in beer production are based on physical processes, which require 
electricity or heat. The theoretical specific heat and electricity consumption is calculated in order to come up with 
process benchmarks. The energy and beer production process data and parameters are based on literature review of 
permits for the performance of category A and B polluting activities for breweries and observation of the site visits 
to four breweries in Latvia.  
2.1. Calculation of theoretical specific heat consumption (TSHC) 
In order to calculate TSHC, the following beer production processes are taken into account: mashing, filtration, 
wort boiling and cooling, fermentation and maturation. The physical characteristics of each production processes are 
presented in Table 1. The amount of beer used for the calculations is 20 hectoliters (hl). Each beer production 
process takes place in a separate tank. In order to determine the tank sizes, it is assumed that the tank is a cylinder of 
height and radius ratio of 2:1 (S = 4.39 m2) thus ensuring minimal heat loss. The tank size is equal for all processes.   
Table 1. Main parameters of different beer production processes 
Production processes  Mashing Filtration Boiling Cooling Fermentation Maturation 
Initial  temperature (T1), C° 10 75 95 90 - - 
Final temperature (T2), C° 75 95 100 6 - - 
Beer temperature, C° 75 95 100 - 5 1 
Ambient temperature, C°  23 24 26 - 9 7 
 
The calculation of TSHC is based on the principles of thermodynamics. Equation 1 is used in order to evaluate 
heat demand for heating or cooling water (q1) during all beer production processes. The specific heat of water (c), 
mass of water (m) and temperature difference is used for the calculation of process heat demand:  
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c – specific heat of water, 4187 J /(kg  K); 
m – mass of water, kg; 
T1 – initial temperature of process, °C;  
T2 – final temperature of process, °C; 
p – conversion coefficient from J to Wh, 3600 J/Wh. 
 
Beer primarily consists of water, and therefore the physical characteristics of water instead of beer are used for 
the calculations. The heat demand of the processes is affected by heat losses during the beer production. Therefore, 
in order to calculate the TSHC it is also necessary to calculate the heat losses by heat conduction through tank walls 
(q2) of the processes: 
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where:  
1/Dsi – thermal resistance of internal surface of the tank, (m2K)/W; 
1/Dse – thermal resistance of external surface of the tank, (m2K)/W; 
G – thickness of material layer in the tank wall, m; 
O– heat conductivity of a material layer in the tank wall, W/(m·K); 
n – amount of different layers in the tank wall; 
S – area of tank walls, m2; 
Twort – wort temperature, °C; 
Tin – ambient temperature, °C; 
Ĳ – duration of the process, h. 
 
A 400 mm thick tank wall consisting of vacuum insulation panels was chosen for the calculation. The heat 
conductivity of vacuum insulation panels is 0.01 W/(m·K). [8] Significant heat losses are observed during wort 
boiling due to water evaporation (q3). These heat losses can be calculated by using Equation 3.  
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where:  
mevap – evaporated amount of water from wort, kg; 
L – specific heat of evaporation of water, J/kg; 
p – conversion coefficient from J to Wh, 3600 J/Wh. 
 
Based on the literature review, the evaporated amount on average can be different for each brewery. Depending 
on the technology used, the evaporated amount can range from 4 to 15 %. [9, 10] The evaporated amount of 0.1 % is 
assumed in calculations of TSHC. 
In order to calculate theoretical specific heat consumption, all previously shown values have to be added. It is 
possible that some of the processes are used more than once during production of a product. The formula that is used 
to calculate TSHC is given in Equation 4: 
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where: 
TSHC – theoretical specific heat consumption, kWh/hl; 
q1 – energy consumption during heating or cooling of water, Wh; 
q2 – heat losses by heat conduction through tank walls, Wh; 
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q3 – heat losses due to the water evaporation, Wh; 
x – number of processes involving heating or cooling water/wort/beer during beer production; 
y – number of processes involving heat losses by heat conduction during beer production; 
z – number of processes involving evaporation during beer production; 
V – volume of produced beer, hl. 
 
Based on the previously described equations, the theoretical heat energy consumption was calculated for each 
process of beer production. The values listed in Table 2 are used for this calculation.  
 Table 2. Main parameters affecting heat energy consumption of beer production 
Parameter Theoretical 
Initial temperature of mash T1, °C 45 
Thickness of tanks’ wall, m 0.4 
Heat conductivity of tanks’ wall material, W/(mK) 0.01 
Evaporated amount, % 0.1 
 
Calculation results are shown in Figure 1, where the TSHC is 16.25 kWh/hl. The most heat energy-intensive 
process of beer brewing is cooling of the wort. Wort is cooled from 90 °C down to 6 °C. The cooling process is 
slightly influenced by the type of beer being brewed, and does not have a significant impact on the calculation 
results. Therefore for the calculations, the production of light beer is considered. Energy consumption for mashing is 
the second most energy-intensive process of beer brewing. Energy consumption of mashing depends on the initial 
and final temperature of the mash. In the theoretical energy consumption calculation, it is assumed that the initial 
temperature of the mash is 45 °C. This initial temperature can be achieved by using heat energy from wort boiling 
and filtering or as useful heat energy from the combined heat and power generation process. 
 
 
Fig.1. Comparison of TSHC for different beer production processes. 
The third most energy-intensive process is wort boiling. Energy consumption of this process is influenced by the 
evaporated amount of water from the wort. Based on calculations, the smallest energy consumption part is allocated 
to beer fermentation and maturation processes. 
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2.1. Defining theoretical specific electricity consumption (TSElC)  
The calculation of TSElC for beer production processes in this study was not done, because electricity 
consumption accounts only for about 30 % of total energy consumption in the beer brewing process. [10] The 
majority of electricity consumption is used for running the compressors and packaging lines. Therefore the value of 
TSElC was based on the existing lowest SEC (7.5 kWh/hl) for breweries. In the calculation of the process, the 
electricity consumption for beer brewing ranges from 7.5 to 11.5 kWh/hl. [10]  
3. Results 
Based on the calculations, the theoretical process benchmark for the evaluation of brewery energy performance 
was calculated to be 23.75 kWh/hl. This value can be used for energy performance evaluation of all brewery 
industry, because it is not time dependant.  
In order to compare the differences between using the theoretical process benchmark and actual/BAT 
benchmarks, the energy efficiency index (EEI) is calculated using Equation 5. The EEI shows the energy efficiency 
changes in time and is used for the evaluation of energy efficiency in industry. [11, 12] 
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where:  
EC – total energy consumption in brewery industry, kWh; 
PV – total production volumes of beer, hl; 
SEC – process or actual/BAT benchmark, kWh/hl. 
 
If process benchmarks are used in EEI calculation, the minimum value of EEI is „1”. If the EEI is „1„ then the 
actual energy consumption in a brewery is the same as the theoretical energy consumption for the brewery industry 
as a whole. The use of process benchmarks allows viewing the total energy reduction potential of a brewery, which 
is not the case if actual/BAT benchmarks are used. The actual/BAT benchmarks in the brewery industry for the 
calculations of EEI are presented in Table 3. The IEE is calculated for each year separately and the results are 
presented in Figure 2.  
Table 3. Actual/BAT SEC values in brewing industry [13í15]  
Source  SEC, kWh/hl Year 
IPCC minimal requirements  69.43 2006  
Global benchmarking  63.61 2007-2009 
Association of EU breweries  32.44 2010-2012 
 
The results in Figure 2 show gradual improvements in energy performance of brewery industry when applying 
process benchmarks. Reverse trend in energy performance can be observed when actual/BAT values are used. This 
could lead to a false conclusion that energy efficiency of the brewery industry is deteriorating. 
The EEI theoretical value in 2012 is around „2”. This means that the brewery industry is using 2 times more 
energy to produce the same production volumes compared to the theoretical energy consumption calculated in this 
study. 
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Fig.2. Comparison between process and actual/BAT benchmarks for evaluation of energy efficiency performance of brewery industry. 
As illustrated in Figure 2 the trend of energy efficiency may vary based on the used benchmark. Thus it is 
important to communicate to industry the positive impact of using appropriate benchmarks which can assist in 
evaluating energy efficiency for the industry over time.  
4. Conclusions and discussions 
This research shows that there is space for the use of process benchmarks for evaluating energy efficiency and 
potential for energy consumption reductions in industry. However, the calculation of process benchmarks is time 
consuming and requires close collaboration with manufacturing companies in order to understand the basic physical 
processes and parameters of product manufacturing. Also, the use of theoretical process benchmarks does not solve 
the issues if comparison is made within manufacturing companies where different products are produced. For this 
purpose, adjustment factors have to be used [4] [16]. The proposed approach in this study could be used for the 
evaluation of industry energy performance if, for instance, a database with different process benchmarks for 
different manufacturing processes could be established. In addition, this could be a solution for applying process 
benchmarks for industries, which produces a set of different products.  
Currently there is a lack of information on benchmarks for industries and particularly for small- and medium- 
sized enterprises representing non energy-intensive industry. Moreover, the approach of process benchmarks for 
benchmarking of energy efficiency in industry is not broadly used so far. Therefore it is necessary to continue to 
carry out studies on approaches for evaluation of energy performance in industry based on the process benchmarks.  
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